To compare the efficacy and safety of the levonorgestrel-releasing intrauterine system and oral medroxyprogesterone acetate in the treatment of idiopathic heavy menstrual bleeding.
I
n the United States, more than 600,000 hysterectomies are performed annually. 1, 2 Approximately 90% of these were for benign diseases including menstrual disorders (approximately 17% of the total number of hysterectomies) such as heavy menstrual bleeding. 1 Heavy menstrual bleeding, defined objectively as blood loss 80 mL or more per menstrual cycle, is an important cause of iron-deficiency anemia and adversely affects health-related quality of life. 3 An analysis of the 1999 National Health Interview Survey 4 showed a 7% reduction in "employment" attributed to heavy menstrual bleeding, translating into an average loss of 3.6 work weeks (or US $1,692 in wages) per year.
Although hysterectomy or endometrial ablation provides effective surgical options for heavy menstrual bleeding, both approaches are associated with perioperative and long-term surgical risks. [5] [6] [7] [8] Algorithms for heavy menstrual bleeding emphasize the use of medical treatment before resorting to surgical options. 3, 6 At the time this trial was performed, the only approved medical treatments for the indication "abnormal uterine bleeding due to hormonal imbalance in the absence of organic pathology" in the United States were oral medroxyprogesterone acetate (5 or 10 mg) and norethindrone acetate (2.5-10 mg) administered daily for 5 to 10 days during the luteal phase of the menstrual cycle.
A recent small, short-term, randomized trial assessed the efficacy of depot medroxyprogesterone acetate, oral medroxyprogesterone acetate (5 mg daily, every day starting on the first day of the cycle), and the levonorgestrel-releasing intrauterine system in reducing bleeding in a population of older reproductive-aged women with heavy menstrual bleeding. 9 This report found that, although each of the treatments significantly reduced menstrual blood loss (assessed by pictorial blood loss assessment chart), the efficacy of the levonorgestrel-releasing intrauterine system was superior to both depot and oral progestin. 9 We undertook this study to objectively compare the efficacy and safety of the levonorgestrel-releasing intrauterine system and oral medroxyprogesterone acetate for the treatment of heavy menstrual bleeding (using the objective alkaline hematin method) 10 in women who choose to use intrauterine contraception.
MATERIALS AND METHODS
This was a multicenter, randomized, open-label, parallel-group, active-control study conducted in 55 centers in the United States, Canada, and Brazil between July 2006 and June 2008. The study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki and the International Conference on Harmonization-Good Clinical Practice guidelines. The study protocol was approved by local Ethics Committees or Institutional Review Boards of all participating centers. Written informed consent was obtained from all participants before entry into the study.
Parous women aged 18 years or older with idiopathic heavy menstrual bleeding (menstrual blood loss 80 mL or more per cycle) desiring intrauterine contraception and willing to use barrier contraception if required were considered for participation in this study. Exclusion criteria included changes in menstrual regularity, hot flushes, sleeping disorders, or changes in mood within the 3 months preceding the study; breastfeeding; congenital or acquired uterine abnormality, including fibroids if they distorted the uterine cavity or cervical canal (three or more subserous or intramural fibroids with a total volume of less than 5 cm 3 were acceptable); history of organic causes of abnormal uterine bleeding (eg, endometriosis, adenomyosis, endometrial polyps); use of the levonorgestrel-releasing intrauterine system or a copper intrauterine device during the 30 days before the study; history of vascular or coagulation disorders; concomitant use of medication or presence of an underlying disease/condition known to affect the metabolism or pharmacokinetics of the study medication; and a body mass index greater than 35 kg/m 2 . All eligible women underwent a screening phase lasting two to three menstrual cycles to assess baseline menstrual blood loss. During this phase, participants were instructed to use standardized tampons and pads as appropriate and to collect all sanitary protection used (excluding panty liners) in sealed plastic bags for objective analysis of total menstrual blood loss at a central laboratory using the alkaline hematin method. 10 Menstrual blood loss of 80 mL or more per cycle was confirmed in at least two screening menstrual cycles before the participants were randomized in a 1:1 ratio to receive treatment with either the levonorgestrel-releasing intrauterine system or oral medroxyprogesterone acetate. Randomization was performed using a centralized interactive voiceresponse system (ClinPhone, East Windsor, NJ). Random permuted block lengths of four were used to attain balance within the strata and by country.
Women randomly assinged to the levonorgestrelreleasing intrauterine system had the system placed within 7 days of the onset of menstruation (in case of initial placement failure, only one attempt at replacement could be made). Those randomly assigned to oral medroxyprogesterone acetate received 10 mg of the drug once daily for 10 consecutive days in each cycle (the highest dose and regimen indicated in the current label for the treatment of abnormal uterine bleeding attributable to hormonal imbalance in the absence of organic pathology), starting on day 16 of their menstrual cycle. All women were given diary cards to record menstrual bleeding on a daily basis.
Those women in the oral medroxyprogesterone acetate group also used the diary cards to record tablet intake (along with the return of unused treatment packs) so that treatment adherence could be monitored. All participants were provided dedicated containers and instructed to collect all used sanitary protection during cycles three and six to assess menstrual blood loss (as performed in the screening phase).
The day on which the levonorgestrel-releasing intrauterine system was placed was considered the first day of cycle 1, and each cycle was considered to last for 30 days. In the oral medroxyprogesterone acetate group, each menstrual cycle was considered to start on the first day of menstrual bleeding and last until the last nonbleeding day before the onset of the next bleeding episode.
Safety evaluation included clinical assessments (physical and gynecologic examinations), monitoring of adverse events, and changes in laboratory values for hematological, serum chemistry, and urinalysis variables. All adverse events (observed, volunteered, and solicited) were coded using MedDRA (the Medical Dictionary for Regulatory Activities [MedDRA] is the international medical terminology developed under the auspices of the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use), version 11.0, and classified by the study investigators according to their intensity (mild, moderate, or severe) and their likely relationship to study medication (ie, none, unlikely, possible, probable, or definite).
At the end of the study, women randomly assinged to medroxyprogesterone acetate were able to select using the levonorgestrel-releasing intrauterine system if they desired one. Likewise, those allocated to the levonorgestrel-releasing intrauterine system were allowed to continue its use.
The two primary efficacy variables were the absolute change in menstrual blood loss from baseline to the end of the study and the proportion of those in which the treatment was successful (defined as menstrual blood loss less than 80 mL at end of study and 50% or greater reduction in menstrual blood loss from baseline).
The sample size (calculated using nQuery Advisor Release 5.0; Statistical Solutions, Saugus, MA) was based on data from previous trials with the levonorgestrel-releasing intrauterine system or oral medroxyprogesterone acetate 11, 12 ; it assumed that the mean menstrual blood loss at baseline would be 150 mL, the mean absolute reduction in menstrual blood loss at the end of study would be Ϫ125 mL (corresponding to 83% reduction from baseline) with the levonorgestrel-releasing intrauterine system and Ϫ75 mL (corresponding to 50% reduction from baseline) with oral medroxyprogesterone acetate, and the corresponding standard deviations would be 80 mL. Based on these assumptions, a total of 110 participants (55 per treatment group) would yield 90% power at a two-sided alpha level of 0.05 to detect a significant difference in menstrual blood loss between groups, and a power of 99% to detect a 40% difference in the proportions of participants with successful treatment (90% and 50% in the levonorgestrel-releasing intrauterine system and oral medroxyprogesterone acetate groups, respectively). Considering a drop-out rate of 20%, a total of 138 women (69 per treatment group) were required to be enrolled.
All outcomes were assessed using the intentionto-treat principle except for safety parameters, which were analyzed according to the treatment received (at least one dose of oral medroxyprogesterone acetate or attempted or successful placement of the levonorgestrel-releasing intrauterine system). The absolute change (least-square means, 95% confidence interval, and median values) in menstrual blood loss from baseline to the end of the study (defined as cycle 6 or the last observation) was assessed using the Wilcoxon rank-sum test. This test was also used for changes in menstrual blood loss from baseline to other time points. The proportion of participants with successful treatment was analyzed using the Pearson 2 test. The percent change in menstrual blood loss from baseline to cycle three and to end of the study were analyzed using the t test with two-sided 95% confidence intervals.
RESULTS
A total of 807 women were screened. One hundred sixty-five women were randomly assigned to treatment and comprised the intention-to-treat population (Fig. 1 ). Of these, 162 women received at least one dose of oral medroxyprogesterone acetate (nϭ82) or underwent levonorgestrel-releasing intrauterine system placement or attempted placement (nϭ80). The groups were similar with respect to participants' baseline characteristics (Table 1) . Most participants (levonorgestrel-releasing intrauterine system, nϭ73 [89.0%]; oral medroxyprogesterone acetate, nϭ70 [84.3%]) completed the six-cycle treatment phase of the study and more than 90% of participants completed at least three cycles of treatment. Table 2 summarizes the menstrual blood loss parameters for both treatment groups. Levonorgestrel-releasing intrauterine system users experienced significantly greater absolute reductions in median menstrual blood loss than participants using me-droxyprogesterone acetate at midstudy (Ϫ115.1 mL compared with Ϫ3.2 mL; PϽ.001) and end of study (Ϫ128.8 mL compared with Ϫ17.8 mL; PϽ.001). The percentage decrease in mean menstrual blood loss at end of study with the levonorgestrel-releasing intrauterine system (Ϫ70.8%) was also significantly greater than with medroxyprogesterone acetate (Ϫ21.5%, PϽ.001). Although fewer than 30% of participants treated with medroxyprogesterone acetate experienced more than 50% reduction in blood loss, approximately 80% of women treated with the levonorgestrel-releasing intrauterine system experienced at least 70% decrease at study end (Fig. 2) . By the end of the study, the levonorgestrel-releasing intrauterine system had successfully treated 67 of 79 (84.8%) women compared with 18 of 81 (22.2%) women in the oral medroxyprogesterone acetate group (PϽ.001).
No deaths or drug-related serious adverse event occurred during the study. Six participants (four in the levonorgestrel-releasing intrauterine system group and two in oral medroxyprogesterone acetate group) discontinued treatment because of adverse events (Fig. 1) . Mean values for all chemistry and hematological parameters were within normal ranges at all times during the study. The levonorgestrel-releasing intrauterine system was partially expelled in two participants and completely expelled in another two. The two participants who experienced partial expulsions were discontinued from study treatment, without attempts to replace with a new levonorgestrel-releasing intrauterine system. The two participants who experienced complete expulsion of the levonorgestrel-releasing intrauterine system had a new system placed that was subsequently retained, resulting in the reduction of the bleeding that occurred after expulsion. One of the participants who had complete expulsion of the levonorgestrel-releasing intrauterine system experienced heavy bleeding after expulsion of the system (see outlier in Table 2 ); however, a gynecologic examination yielded normal results, and the bleeding diminished and then stopped after the placement of a new system. No uterine perforations or pregnancies were observed during the study. Drugrelated adverse events were recorded for 69 (42.6%) Fig. 1 . Flow of participants through the study. *Reasons for discontinuation in the levonorgestrel-releasing intrauterine system group: lower abdominal pain in one patient; intrauterine system dislocation, menorrhagia, and uterine cramps in a second patient; lower abdominal pain, bacterial vaginosis and cervicitis, and heavy menstrual bleeding in a third patient; and intrauterine system dislocation in a fourth patient. † Reasons for discontinuation in the oral medroxyprogesterone acetate group: dizziness in one patient and fluid retention in another patient.
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women. The most common adverse events (occurring in more than 5% of women who received treatment with either the levonorgestrel-releasing intrauterine system or oral medroxyprogesterone acetate) are detailed in Table 3 .
DISCUSSION
Compared with medroxyprogesterone acetate, treatment with the levonorgestrel-releasing intrauterine system resulted in greater absolute and percentage reductions in menstrual blood loss and a higher LNG-IUS, levonorgestrel-releasing intrauterine system; CI, confidence interval; SD, standard deviation. * P shown for planned analyses only. † The very heavy menstrual blood loss experienced by one woman in the LNG-IUS treatment group was thought to have resulted from the expulsion of the system. ‡ Least-square means. 50% to less than 60% 60% to less than 70%
70% to less than 80% 80% to less than 90%
90% to less than 100%
100%
Reduction in menstrual blood loss from baseline to study end (%)
Levonorgestrel-releasing intrauterine system (n=82)
Medroxyprogesterone acetate (n=83) Fig. 2 . Percentage reduction in menstrual blood loss from baseline to study end experienced by the participants in the two treatment groups.
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likelihood of treatment success. Our results are similar to those of previous studies using the alkaline hematin method to assess blood loss in women using the levonorgestrel-releasing intrauterine system. 13, 14 In contrast to the mean 22% reduction in menstrual blood loss observed at end of our study in women using 10 mg oral medroxyprogesterone acetate for 10 days, superior results with cyclical oral medroxyprogesterone acetate (assessed with the alkaline hematin method) have been reported using 10 mg three times daily from day 5 to 25 for ovulatory women (49% decrease) or day 12 to 25 for anovulatory women (36% decrease). 11 An even greater mean reduction (57%) in menstrual blood loss after 3 months was achieved with oral medroxyprogesterone acetate (10 mg twice daily from day 5 to day 25 of the cycle) in another study that used pictorial blood loss assessment chart scores. 15 The higher efficacy with oral medroxyprogesterone acetate observed in the other studies may be attributed, in part, to the higher progestin dose and longer treatment duration per cycle compared with our study. 16 Nonetheless, we used the highest oral medroxyprogesterone acetate dose (10 mg) and the longest duration of treatment (10 days) approved for "abnormal uterine bleeding" in the United States. Although a higher dose and longer duration of treatment may have improved results with oral medroxyprogesterone acetate, it is not likely that the treatment would have been superior to the more than 70% reduction observed with the levonorgestrelreleasing intrauterine system.
The reduction in menstrual blood loss with the levonorgestrel-releasing intrauterine system has been shown to be greater than with oral nonsteroidal antiinflammatory agents, tranexamic acid, or a combination estrogen-progestin oral contraceptive. 13, 14, 17 Although a randomized trial found that the median reduction in menstrual blood loss was not significantly different over three cycles between the levonorgestrel-releasing intrauterine system and norethindrone (5 mg three times daily from day 5 to 26), more women elected to continue treatment with the levonorgestrel-releasing intrauterine system after study completion (77% compared with 22%). 18 Other advantages of using the levonorgestrel-releasing intrauterine system over oral progestin therapy include improved adherence (no action required by the user after placement) and the effective contraception that it provides.
A recent meta-analysis showed that the levonorgestrel-releasing intrauterine system had similar therapeutic effects to endometrial ablation at up to 2 years of follow-up. 19 In a recently published Dutch report, investigators noted that as the levonorgestrel-releasing intrauterine system became more widely used, the proportion of women undergoing endometrial ablation decreased. 20 In a Finnish trial, in women randomly assigned to receive either levonorgestrel-releasing intrauterine system or hysterectomy for treatment of heavy menstrual bleeding, no difference in health-related quality of life was noted in the two treatment groups; at 5 years, 48% of the levonorgestrel-releasing intrauterine system group continued to use the device and 42% had undergone hysterectomy. Costs were threefold higher in the hysterectomy group up to 5 years of follow-up. 21, 22 Although hysterectomy negates the need for contraception, it represents an irrevocable step that some women would prefer to avoid. Similarly, although endometrial ablation limits fertility, women undergoing this procedure require effective contraception and any subsequent pregnancy would be at high risk of major obstetric complications. 23 Clinicians managing women with heavy menstrual bleeding should counsel their patients regarding medical management, including the levonorgestrel-releasing intrauterine system, before surgical treatments. 3 The levonorgestrel-releasing intrauterine system is licensed for up to 5 years of use, and correct and consistent use is not patient dependent. Accord- LNG-IUS, levonorgestrel-releasing intrauterine system. Data are n (%). * All treatment-emergent adverse events occurring in at least 5% of women in any treatment group. † Ovarian cysts were characterized as mild events that were generally thought to be related to treatment with study medication.
ingly, continued use of the levonorgestrel-releasing intrauterine system beyond the 6-month study duration should result in continued endometrial suppression and reduced menstrual blood loss, with more women becoming amenorrheic. 24, 25 To the best of our knowledge, data for continued use of medroxyprogesterone acetate for more than 6 months with heavy menstrual bleeding are lacking. In addition, the levonorgestrel-releasing intrauterine system has been shown to reduce the preference for hysterectomy and to be a cost-effective option in the management of heavy menstrual bleeding. 21, 22, 26 Although all women in this study received the levonorgestrel-releasing intrauterine system within labeling in effect at the time the study was conducted (intrauterine contraception for parous women), the system may represent an appropriate option for women with heavy menstrual bleeding who are nulliparous or who do not require contraception. The levonorgestrel-releasing intrauterine system is effective at reducing menstrual blood loss because the constant release of levonorgestrel directly into the uterine cavity suppresses the endometrium, resulting in reduced uterine bleeding. The levonorgestrel-releasing intrauterine system is currently approved for the treatment of heavy menstrual bleeding in the majority of the countries where it is approved for contraception. In October 2009, the Food and Drug Administration approved the new indication for the levonorgestrel-releasing intrauterine system in the treatment of heavy menstrual bleeding for women who choose to use intrauterine contraception as their method of contraception. 27 Oral tranexamic acid, an inhibitor of fibrinolysis used in many countries outside of the United States, was also approved by the Food and Drug Administration in late 2009. 28 Although tranexamic acid was not used as a comparator in our study, a randomized study conducted by Milsom et al 13 showed that the reduction in menstrual blood loss achieved by the levonorgestrel-releasing intrauterine system (81.6% after 3 months) was significantly greater than that seen with tranexamic acid (44.4%). Moreover, the levonorgestrel-releasing intrauterine system was the only form of treatment to reduce mean menstrual blood loss to less than 80 mL.
Most of the adverse events reported during our study were mild to moderate in intensity in both groups. These results confirm that the levonorgestrelreleasing intrauterine system and oral medroxyprogesterone acetate have favorable safety profiles and are well-tolerated in women with heavy menstrual bleeding.
We used a rigorous research definition of heavy bleeding to demonstrate the effect of these treatments among a group of women with severe symptoms. The high proportion of women who underwent the screening phase of our study and had an assessment of baseline menstrual blood loss but did not have blood loss of 80 mL or more (approximately 50%) suggests that many women without organic pathology who perceive their bleeding to be heavy do not meet the threshold required to have heavy menstrual bleeding objectively diagnosed, which is consistent with other studies. 14, 29 The National Institute of Clinical Excellence in the United Kingdom defines heavy menstrual bleeding as "excessive menstrual blood loss that interferes with the woman's physical, emotional, social, and material quality of life, and that can occur alone or in combination with other symptoms."
3 This definition focuses on the impact that heavy menstrual bleeding has on daily life rather than on volume of menstrual blood loss. In this respect, the levonorgestrel-releasing intrauterine system has been shown to improve health-related quality of life to a similar extent as endometrial ablation or hysterectomy. 19, 21, 22 In conclusion, among women with documented idiopathic heavy menstrual bleeding, the levonorgestrel-releasing intrauterine system results in a greater reduction in menstrual blood loss and a higher likelihood of treatment success than treatment with oral medroxyprogesterone acetate. This trial adds to a substantial body of evidence demonstrating the utility of the levonorgestrel-releasing intrauterine system in the treatment of heavy menstrual bleeding.
